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IDENTIFICATION OF NEW CD8 EPITOPES FROM HIV-1 PROTEINS WITH 
THERAPEUTICAL AND VACCINAL PROPERTIES AGAINST HIV 

INFECTIONS 

The present invention relates to the identification and the selection of 
5 CTL epitopes able to induce a protection against an HIV infection. More 
particularly, the invention is concerned with peptides and nucleic acid 
sequences coding for these peptides derived from HIV-1 proteins such as 
GAG, POL, ENV, VIF, TAT, VPU, REV. 

Many scientific publications disclosed HIV epitopes having the property 
10 to induce in animals a B cell response as well as a T-cell response specific for 
HIV. The importance of CTL response under HIV control have been 
demonstrated in many experiences. Indeed, it is known that there is an 
inverse correlation between CTL response and HIV viremia in patients; that 
CD8 (CTL) depletion in monkeys leads to an increase of the viremia; that 
15 there are subjects who are continually exposed to the virus but are not 
infected and who possess a strong CTL response and that specific HIV CTL 
clones have been shown to inhibit the viral replication in vitro. 

Although that numerous HIV-1 proteins are known and under study 
(see WO 01/27291; Altfeld M. etal. (2001), The Journal of Immunology, 167 : 
20 2743-2752; and Jin X., ef a/. (2000), AIDS research and Human retroviruses, 
16 : 67-76), the extent to which these proteins are targeted in natural infection, 
as well as precise CTL epitopes within them, remain to be defined. 

Therefore, there is a strong need for peptides and epitopes that are 
capable to induce in animals a B cell response, as well as a T cell response, 

i 

25 against HIV-1 proteins, and to the use of such peptides and epitopes in the 
diagnostic, in the prevention/protection against an HIV infection and in the 
treatment of HIV. { 
The present invention fulfils these needs and also other needs which 
will be apparent to those skilled in the art upon reading the following specifica- 

30 tion. 

The present invention relates to the identification and the selection of 
CTL epitopes able to induce a protection against an HIV infection. More par- 
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ticularly, the invention is concerned with peptides and nucleic acid sequences 
coding for these peptides derived from HlV-1 proteins such as GAG, POL, 
ENV, VIF, TAT, VPU, REV. 

More particularly, the invention provides new immunogenic peptides 
5 and epitopes capable of inducing a cytotoxic CDS T-lymphocytes (CTLs) as 
large as possible. 

The invention also provides antibodies binding to the immunogenic 
peptides of the invention thereto. 

The invention further relates to pharmaceutical compositions and to 
1 0 methods for inducing/stimulating of an immune response into a subject. 

An advantage of the present invention is that it identifies, among HIV-1 
proteins, epitopes capable of inducing a specific cytotoxic CD8 T-lymphocytes 
(CTLs) response. The invention also provides new HIV CTL epitopes leading 
in the increase of the breadth of the HIV/CTL response after vaccination. 
15 Other objects and advantages of the present invention will be apparent 

upon reading the following non-restrictive detailed description, made with 
reference to the accompanying drawings. 

Figure 1 is a graph showing the pattern for IFNy ELISPOT responses against 
HIV-1 derived epitopic peptides (known and new "coding" peptides) of one 

20 patient (BNC). 

Figure 2 shows an ELISPOT assay on human HIV* PBMCs with « coding » 

peptides. 

Figure 3 shows an ELISPOT assay on human HIV* PBMCs with the 
« ARFP » peptides. 

25 Figure 4 is a graph showing BNC's pattern for 51 Cr release assay against 
predicted HIV-1 derived "coding" epitopic peptides. 

Figure 5 is a graph showing BNC's and TAH's pattern for 51 Cr release assay 
against predicted HIV-1 derived ARFP epitopic peptides. « ARFP » peptides 
and peptides No 5, 6, 7, 8. 9, 10, 11. are issued from the sequence of the 
30 BRU strain (Wain-Hobson et a/., 1985). 

Figure 6A shows IFNy intracellular labeling with PBMCs of the patient TAH. 
Figure 6B shows IL4 intracellular labeling with TAH PBMCs. 
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A) Definitions 

In order to provide an even clearer and more consistent understanding 
of the specification and the claims, including the scope given herein to such 
terms, the following definitions are provided: 
5 Allelic variant: refers to a peptide having from one to two amino acid 

substitutions from a parent peptide, but retaining the binding specificity and/or 
physiological activity of the parent peptide. As used herein, "retaining the 
binding specificity of the parent peptide" means being able to bind to a mono- 
clonal or polyclonal antibody that binds to one of the peptides with an affinity 
10 that is at least one-tenth, more preferably at least one-half, and most prefera- 
bly at least as great as that of one of the actual peptides. Determination of 
such affinity is preferably conducted under standard competitive binding 
immunoassay conditions. "Retaining the physiological activity of the parent 
peptide" means retaining the ability of any one of the peptides shown in SEQ 
15 ID NOs 1 to 18. The term "allelic variants" is specifically intended to include 
any human analogs of the peptides set forth in SEQ ID NOS. 1 to 18, which 
do not have the identical amino acid sequence thereof. 

Antibody : refers to a glycoprotein produced by lymphoid cells in 
response to a stimulation with an immunogen. Antibodies possess the ability 
20 to react in vitro and in vivo specifically and selectively with an antigenic deter- 
minant or epitope eliciting their production or with an antigenic determinant 
closely related to the homologous antigen 

As used herein, a protein/peptide is said to be a "chemical derivative" 
of another protein/peptide when it contains additional chemical moieties not 
25 normally part of the protein/peptide, said moieties being added by using 
techniques well known in the art. Such moieties may Improve the 
protein/peptide solubility, absorption, bioavailability, biological half life, and the 
like. Any undesirable toxicity and side-effects of the protein/peptide may be 
attenuated and even eliminated by using such moieties. For example, 
30 proteins/peptides can be covalently coupled to biocompatible polymers (poly- 
vinyl-alcohol, polyethylene-glycol, etc) in order to improve stability or to 
decrease/increase their antigenicity. 
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Derived: A protein/peptide is said to "derive" from a 
protein/peptide/gene or from a fragment thereof when such 
protein/peptide/gene comprises at least one portion, substantially similar in its 
sequence, to the native protein/peptide/gene or to a fragment thereof. 
5 Fragment: refers to a section of a molecule, such as protein/peptide or 

nucleic acid, and is meant to refer to any portion of the amino acid or nucleo- 
tide sequence. 

A "functional derivative", as is generally understood and used herein, 
refers to a protein/peptide sequence that possesses a functional biological 

,10 activity that is substantially similar to the biological activity of the whole 
protein/peptide sequence. A functional derivative of a protein/peptide may or 
may not contain post-translational modifications such as covalently linked 
carbohydrate, if such modification is not necessary for the performance of a 
specific function. The term "functional derivative" is intended to the 

15 "fragments", "segments", "variants", "allelic variants", "analogs" or "chemical 
derivatives" of a protein/peptide. 

Fusion protein: A protein formed by the expression of a hybrid gene 
made by combining two gene sequences. Typically, this is accomplished by 
cloning a cDNA into an expression vector in frame with an existing gene. 

20 Immunogenic: Refers to the property of a molecule or compound, 

such as a protein/peptide/nucleic acid to induce in vivo or in vitro a cellular or 
humoral immune response. 

Immune response: Refers to an in vivo or in vitro reaction in response 
to a challenge by an immunogen. An immune response is generally expressed 

25 by an antibody production and/or a cell-mediated immunity or immunologic 
tolerance. 

Isolated or Purified: Means altered "by the hand of man" from its 
natural state, i.e., if it occurs in nature, it has been changed or removed from 
its original environment, or both. For example, a polynucleotide naturally 
30 present in a living organism is not "isolated", the same polynucleotide sepa- 
rated from the coexisting materials of its natural state, obtained by cloning, 
amplification and/or chemical synthesis Is "isolated" as the term is employed 
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herein. Moreover, a polynucleotide that is introduced into an organism by 
transformation, genetic manipulation or by any other recombinant method is 
"isolated" even if it is still present in said organism. 

Oligonucleotide or Polynucleotide means nucleic acid, either 
5 desoxyribonucleic acid (DNA), or ribonucleic acid (RNA), in single-stranded or 
double-stranded form or molecule having one nucleotide or more, whether 
occurring naturally or non-naturally in a particular cell, tissue or organism, and 
any chemical modifications thereof. Such modifications include, but are not 
limited to providing other chemical groups that incorporate additional charge, 
10 polarizability, hydrogen bonding or electrostatic interaction to one or more of 
nucleic acid bases of the oligonucleotide. Examples of modifications are, but 
are not limited to, modifying the bases such as substitution of 5-bromouracil, 
5-position pyrimidine modifications, 8-position purine modifications, modifica- 
tions at cytosine exocycllc amines, 2'-position sugar modifications, methyla- 
1 5 tions, unusual base-pairing combinations such as the isobases isocytidine and 
isoguanidine. backbone modifications, 3' and 5' modifications such as 
capping, and the like. Are also compatible with the current invention, modifica- 
tions that occur after each round of amplification in a reversible or irreversible 
manner. 

20 Peptide: includes any natural or synthetic compounds containing 

two or more amino acids connected to each other in a linear array by peptides 
bonds. Such linear array may optionally be cyclic, i.e., the ends of the linear 
peptide or the side chains of amino acids within the peptide may be joined, 
e.g., by a chemical bond. The peptides according to the invention may include 

25 from about three to about 500 amino acids, and may further include secon- 
dary, tertiary or quaternary structures, as well as intermolecular associations 
with other peptides or other non-peptide molecules. Such intermolecular 
associations may be through, without limitation, covalent bonding (e.g., 
through disulfide linkages), or through chelation, electrostatic interactions, 

30 hydrophobic interactions, hydrogen bonding, ion-dipole interactions, dipole- 
dipole interactions, or any combination of the above. This term also includes 
proteins and fragments thereof produced through recombinant means, and/or 
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that has been associated or not with other peptides coding for tumoral, viral, 
bacterial or fungic epitopes for forming a fusion protein. 

Specific lysis: in the enclosed example, specific lysis means that at 
least 10% of the HIV infected cells are killed within 4 hours. 
5 Vaccine: a preparation of antigenic material comprising at least one 

peptide according to the invention and/or at least one polynucleotide coding 
the same, that can be used to stimulate a specific immune response able to 
confer a protection against HIV or limit an HIV infection. 

The term "variant" as is generally understood and used herein, refers 
10 to a protein that is substantially similar in structure and biological activity to 
either the protein or fragment thereof. Thus two proteins are considered 
variants if they possess a common activity and may substitute each other, 
even if the amino acid sequence, the secondary, tertiary, or quaternary 
structure of one of the proteins is not identical to that found in the other. 
15 Vector A self-replicating RNA or DNA molecule which can be used to 

transfer an RNA or DNA segment from one organism to another. Vectors are 
particularly useful for manipulating genetic constructs and different vectors 
may have properties particularly appropriate to express protein(s) in a 
recipient during cloning procedures and may comprise different selectable 
20 markers. Bacterial plasmids are commonly used vectors. 
B) General overview of th e invention 

The present invention relates to derived peptides from HIV-1 proteins, 
and more particularly from the GAG, POL, ENV, VIF, TAT, VPU, REV proteins 
of HIV-1. The invention also relates to nucleic acid sequences coding for said 
25 peptides. The peptides and the nucleic acids of the invention may be useful 
for the prevention and/or treatment of HIV-1 infections. 

The peptides of the invention may also be used for detecting an early 
CTL response against of HIV-1, for priming in vitro immune cells of a 
eukaryotic subject, for stimulating a subject immune response, and stimulating 
30 ex vivo or in vivo a human immune response against HIV-1 . 

The peptides/nucleic acids of the present invention may be used in all 
members of the class Vertebrates. Preferably, the vertebrate is a mammalian 
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subject including, without limitation, human and non-human primates, farm 

animals, domestic animals, laboratory animals. 

R ) Immunogenic Peptides and corresponding Nucleotides 

In one aspect, the invention is directed to Immunogenic peptides that 
5 derive from the HIV-1 antigen. Advantageously, the peptides of the invention 
are capable of inducing an In vitro, ex vivo and/or in vivo CTL response 

against HIV-1 in a mammal. 

More particularly, the immunogenic peptides according to the invention 
can induce in vitro, ex vivo and/or in vivo specific cytotoxic CD8 T-lympho- 
10 cytes (CTLs) capable of eliminating specifically HIV-1 infected cells. Prefera- 
bly, the immunogenic peptides comprise between 9 and 30 amino acid having 
at least 60% homology with any one of the peptide of SEQ ID NOs 1 to 18. 
More preferably, the peptides of the invention are nonameric or docameric 
peptides and even more preferably, they are selected from the, group 
15 consisting of SEQ ID NOs:1 to 18 and even more those particularly selected 
from the group consisting of SEQ ID Nos: 1, 2, 3, 6 and 15 (see Tables 1 and 
2 hereafter). However the present invention is not restricted to these specific 
peptides by it encompasses also "functional derivatives" thereof, including 
"fragments", "variants", "allelic variants", "analogs" or "chemical derivatives" of 
20 these peptides, having a comparable specificity and/or biological activity as 
the peptides of SEQ ID NOs:1 to 18. 

Modified peptides within the scope of the present invention include 
those in which one or more amide bond is replaced by a non-amide bond, 
and/or one or more amino acid side chain is replaced by a different chemical 
25 moiety, or one or more of the N-terminus. the C-terminus, or one or more side 
chain is protected by a protecting group, and double bonds and/or cyclization 
and/or stereospecificity is introduced into the amino acid chain to increase 
rigidity, and/or binding affinity and/or enhance resistance to enzymatic degra- 
dation, of the peptides of SEQ ID NOs:1 to 18. Since all the variations are 
30 , known in the art, a person skilled in the art will be able to produce, test, iden- 
tify and select other peptides/epitopes according to the present invention (see 
e.g. Horwell et al, Bioorg. Med. Chem. 4: 1573 (1976); Liskamp et a/., Reel. 
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Trav. Chim. Pays-Bas 1:113 (1994); Gante et al, Angew. Chem. Int. Ed. Engl. 
33:1699 (1994); and Seebach et al, Helv. Chim. Acta 49:313 (1996)). 

For instance, it is possible to substitute amino acids by equivalent 
amino acids. "Equivalent amino acid" is used herein to name any amino acid 

5 that may substituted for one of the amino acids belonging to the initial peptide 
structure without modifying the hydrophilicity properties and the biological 
target of the initial peptide structure. Preferably, the peptides containing one or 
several "equivalent" amino acids retain their specificity and affinity properties 
to the biological targets of the peptide according to the invention. In other 

10 words, the "equivalent" amino acids are those which allow the generation or 
the preparation of a polypeptide or peptide with a modified sequencers 
regards to the peptides according to the invention, said modified polypeptide 
or peptide being able to act as an agonist or an antagonist molecule of the 
peptide according to the invention. These equivalent amino acids may be 

15 determined by their structural homology with the initial amino acids to be 
replaced and by their biological activity on the target cells of the peptides 
according to the invention. As an illustrative example, it should be mentioned 
the possibility of carrying out substitutions like, for example, leucine by valine 
or isoleucine, aspartic acid by glutamic acid, glutamine by asparagine, aspar- 

20 agine by lysine etc., it being understood that the reverse substitutions are 
permitted in the same conditions. In some cases, it may also be possible to 
replace a residue in the L-form by a residue in the D-form or the replacement 
of the glutamine (Q) residue by a Pyro-glutamic acid compound. The synthe- 
sis of peptides containing at least one residue in the D-form is, for example, 

25 described by KOCH et al. (1 977). 

Tables 1 and 2 show the amino acid sequence of the preferred 
peptides of the invention (SEQ ID NOs:1-18) and, for each of these peptides, 
the corresponding nucleotide sequence encoding these peptides (SEQ ID 
NOs:19-36; Table 2). However, since the genetic code is degenerated, it is 

30 clear that the nucleotide sequences given in Table 2 are, for each of these 
peptides, one specific example of the many possible examples of sequence 
for coding these peptides. A person skilled in the art will easily be capable of 
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determining other nucleotide sequences coding for the peptides of the present 
invention. 

The peptides of the present invention may be prepared by any suitable 
process. Preferably, they are obtained by chemical synthesis in liquid or solid 

5 phase by successive couplings of the different amino acid residues to be 
incorporated (from the N-terminal end to the C-terminal end in liquid phase, or 
from the C-terminal end to the N-terminal end in solid phase) wherein the N- 
terminal ends and the reactive side chains are previously blocked by conven- 
tional groups. For solid phase synthesis the technique described by Menrifield 

10 (J. Am. Chem. Soc, 85:2149-21 54) may be used. Alternatively, the technique 
described by Houbenweyl in 1974 may also be used. 

Typically, in order to produce a peptide chain using the Merrifield 
process, a highly porous resin polymer is used, on which the first C-terminal 
amino acid of the chain is fixed. This amino acid is fixed to the resin by means 

15 of its carboxyl group and its amine function is protected, for example, by the 
t-butyloxycarbonyl group. When the first C-terminal amino acid is thus fixed to 
the resin, the protective group is removed from the amine function by washing 
the resin with an acid. If the protective group for the amine function is the t- 
butyloxycarbonyl group, it may be eliminated by treating the resin with 

20 trifluoroacetic acid. The second amino acid which supplies the second residue 
of the desired sequence is then coupled to the deprotected amine function of 
the first C-terminal amino acid fixed to the chain. Preferably, the carboxyl 
function of this second amino acid Is activated, for example, using dicyclo- 
hexylcarbodiimide, and the amine function is protected, for example, using t- 

25 butyloxycarbonyl. In this way, the first part of the desired peptide chain is 
obtained, which comprises two amino acids, the terminal amine function of 
which is protected. As before, the amine function is deprotected and the third 
residue can then be fixed, under similar conditions, to those used in the addi- 
tion of the second C-terminal amino acid. Thus, the amino acids which are to 

30 form the peptide chain are fixed, one after another, to the amine group, which 
is previously deprotected each time, to the portion of the peptide chain already 
formed, which is attached to the resin. When all the desired peptide chain is 
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formed, the protecting groups are eliminated from the various amino acids 
which constitute the peptide chain and the peptide is detached from the resin, 
for example using hydrofluoric acid. 

The peptides of the present invention may also be obtained by biologi- 
5 cal or genetic engineering processes. A typical example comprises the use of 
expression vectors comprising a polynucleotide sequence coding for the 
peptide of interest (such vectors are within the scope of the present invention). 
Multimer of each peptide can also be produced by genetic engineering tech- 
nology by expressing of a polynucleotide coding for multiple copies of a 
1 0 monomer, or coding for different monomers. 

The peptides of the present invention may also be incorporated in poly- 
peptides having a length varying from about 10 to about 50 amino acids, 
preferably about 15 amino acids. According to a preferred embodiment, the 
peptides are incorporated in a tetrameric complex of HLA-A0201 or HLA- 
15 B0702 comprising a plurality of identical or different peptides/polypeptides 
according to the invention. According to another preferred embodiment, the 
peptides of the invention are incorporated into a support comprising at least 
two peptide molecules. Examples of suitable support include polymers, lipidic 
vesicles, microspheres, latex beads, polystyrene beads, proteins and the like. 
20 In another aspect, the invention is directed to a method for producing, 

In vitro, an immunogenic peptide, comprising: culturing in vitro, in a suitable 
culture medium, a cell incorporating an expression vector as described 
previously; and collecting in the culture medium immunogenic peptides 
produced by these cells. Therefore, the invention is also concerned with cells, 
25 such as recombinant bacteria, transformed or transfected by a virus or 
plasmid for expressing the peptides of the invention. Methods for producing 
such cells and methods for using these cells in the production of 
proteins/peptides are well known in the art and will no be described in detail 
herein. 

30 The peptides, polypeptides and polynucleotides of the invention may 

also be used for producing polyclonal or monoclonal antibodies capable of 
recognizing and binding the same. Methods for producing such antibodies are 
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well known in the art. These antibodies may be used for the preparation of a 
medicine for the prevention or treatment of human HIV-1 infections, 
n ) Pharmaceutical Compositions 

The peptides/polypeptides of the present invention, the polynucleotides 

5 coding the same, and polyclonal or monoclonal antibodies produced 
according to the invention, may be used in many ways as antitumoral agents, 
for the preparation of pharmaceutical compositions, for the preparation of an 
antitumoral vaccine, for the treatment or the prevention of HIV infections. 

Therefore, in another aspect, the invention is directed to pharmaceuti- 

10 cal compositions comprising: 

a) at least one component selected from the group consisting of: 

- an immunogenic peptide/polypeptide and/or a polynucleotide and/or a 
fragment thereof and/or an antibody as defined previously; and 

- specific CD8 T-cells primed against an immunogenic peptide/polypeptide 
1 5 and/or a fragment thereof; 

and 

bj a pharmaceutically acceptable vehicle or carrier. 

According to a preferred embodiment, the composition further 
comprises at least one CD4 peptide. More preferably, the CD4 peptide is 
20 linked to the HIV CD8 epitope. Even more preferably, the CD4 peptide is an 
HIV CD4 epitope. 

The compositions of the invention may be in a solid or liquid form or in 
any suitable form for a therapeutic use. They may be formulated for a rapid or 
slow release of its components and may further comprise compounds for 

25 stimulating/inhibiting the immune system. The compositions of the invention 
may be prepared according to conventional methods known in the art. 
F ) Stimulation of a Immune Response 

In another aspect, the Invention is directed to a method for priming 
human CD8 cells in vitro, comprising the steps of: 

30 a) isolating HLA-B0702 lymphoid or myeloid cells from human subject; and 
b) loading in vitro the cells isolated at step a) with at least one immunogenic 
peptide/polypeptide and/or polynucleotide as defined previously. 
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According to a preferred embodiment, the method further comprises the 
steps of: 

c) isolating CD8+ T-cells from the subject; and 

d) using the cells primed at step b) for priming in vitro the CD8+ T-cells 

5 isolated at step c). 

In a further aspect, the invention is directed to a method for stimulating 

a subject immune response comprising: 

- administering into a compatible subject HLA-B0702 lymphoid or myeloid 
cells primed in vitro using the method defined hereinabove; and/or 
10 - administering into a compatible subject CD8+ T-cells primed according to 
the method using the method defined hereinabove. 

The invention also provides an ex vivo stimulation method of the human 
immune response. This method comprises the steps of isolating from a human 
autologous lymphoid or myeloid cells; incubating these isolated cells in vitro 
15 with at least one immunogenic peptide/polypeptide and or a polynucleotide as 
defined previously, these cells allowing the induction of a cytotoxic response 
in vitro. In a related aspect, the invention provides a method for stimulating in 
vivo a human immune response against HIV-1, the method comprising 
administering to a HLA-B0702 patient In need thereof either cytotoxic celte, 
20 lymphoid or myeloid cells treated in vitro according to the ex vivo stimulation 
process of the invention. 

In another aspect, the invention is directed to a method for detecting an 
early CTL response against HIV-1. This method comprises the steps of: 

- providing a tetrameric complex of HLA-B0702 comprising at least one 
25 immunogenic peptide according to the invention; 

- incubating this complex with peripheral blood lymphocytes of a subject; 

and 

- determining the presence of HIV-1 specific CTL. 

The presence of HIV-1 specific CTL may be done by comparing cells from the 
30 subject with normal cells in culture using any suitable method such as FACS. 

In another aspect, the invention is directed to a method for stimulating a 
human immune response against HIV-1 , comprising: 
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- isolating from a human HIV-1 specific CTLs; 

- amplifying ex wVothe isolated HIV-1 specific CTLs; and 

- injecting in a compatible human in need thereof, the HIV-1 specific CTLs. 

The following examples are illustrative of the wide range of applicability 
5 of the present invention and is not intended to limit its scope. Modifications 
and variations can be made therein without departing from the spirit and 
scope of the invention. Although any methods and materials similar or 
equivalent to those described herein can be used in the practice for testing of 
the present invention, the preferred methods and materials are described. 
10 EXAMPLE 1 

Materials and Methods 

HI A-B7B7K? chimerical transa ene and animals. 

The HLA-B*0702 gene was isolated from a cosmid library from the 
HLA-B*0702 homozygous HHK lymphoblastoTd human cell line. A 1.5 Kb 
1 5 EcoRI-Kpn I fragment (promoter, exons 1 to 3) of the HLA-B*0702 gene was 
ligated to a 4.1 Kb Kpn I-Hind in fragment (exons 4 to 8) of the H-2K 1 gene. 
The chimerical HLA-B7B7K 1 gene was micro-injected as an EcoRI-Hind m 
fragment in C57BL/6 x SJL oocytes. Transgenic animals were backcrossed 
(x12) on C57BL / 6 JICO (H-2 b ) mice, before derivation of animals homozy- 
20 gous for the transgene. These mice were subsequently intercrossed with H-2 
K bo D bo double KO mice (backcrossed 6 times on C57BL / 6 JICO, (7, 11) to 
derive HLA-B7B7K?, H-2 K 60 D*° double KO homozygous mice (backcrossed 
6 times on C57BL / 6 JICO). Mice were bred in our animal facility and used for 
experimentation between 6 and 10 weeks of age. 
25 Peptide binding 

Peptides, purchased from SYNT:EM (Nimes. France), were dissolved 
in DMSO (1 mg of peptide/20ul) and subsequently diluted in PBS (2 mg/ml). 
Peptides and HLA-B*0702 transfected TAP-T2 (7) cells were incubated 
overnight at 37°C (1x10 6 cells/ml) in FCS-free medium supplemented with 100 
30 ng/ml of human ^-microglobulin (SIGMA, St Louis, MO) in the absence 
(negative control) or presence of either reference human cytomegalovirus 
(CMV) pp65-265-274 (RPHERNGFTV, R10V, SEQ ID NO: 50) or tested 
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peptides at various final concentrations (100, 10, 1 and 0.1 uM). Following a 
1h incubation with Brefeldin A (0.5 ug/ml, SIGMA), T2-ET0702 cells were 
labelled (30 min, 4°C) with saturating concentration of ME.1 anti-HLA-B07 
mAb, then washed twice and finally stained with FITC-conjugated F(ab)'2 goat 
5 anti-mouse Ig, before FACS analysis. For each peptide, the concentration 
needed to reach 20% of the maximal fluorescence (as defined with the R10V 
peptide) was calculated. Relative affinity is the ratio of the concentrations of 
the tested and R10V reference peptide needed to reach this value: the lower 
the relative affinity, the stronger the binding. 
10 Induction ofCTL and cytolytic assays 

For peptide immunisations, groups of 6 mice were injected s.c. atjhe 
base of the tail with 50 ug of HLA-B0702-restricted peptide and 140 ug of the 
la b -restricted helper peptide (hepatitis B virus core 128-140, 
TPPAYRPPNAPIL, T13L, SEQ ID NO: 51) (8) co-emulsified in 100 pi of 
15 incomplete Freund adjuvant (I FA, Difco, Detroit, MI). Eight days later, spleen 
cells were re-stimulated in vitro as described before with peptide- 
loaded, LPS-induced syngeneic lymphoblasts (9). On day 6, cultured cells 
were tested in a 4h 51 Cr-release assay, using experimental or control human 
CMV pp65-265-274 R10V peptide-pulsed, 51 Cr-labeled HLA-B7B7K d -P815 
20 cells. Specific lysis was calculated as follow: (experimental - spontaneous 
release) / (total - spontaneous release) X 100 subtracting the background lysis 
of R10V control-peptide-loaded target cells. Mice were considered as 
responder when specific lysis >10% was observed. 
Immunofluorescence assays . 
25 Red cell-depleted, nylon-wool purified spleen T lymphocytes were 

analyzed for MHC class I molecule expression in an indirect immunofluores- 
cence assay. First layer mAb (B8-24-3 anti-H-2K b , B 22.249.R19 antl-H-2 D b , 
and ME.1 anti-HLA-B0702) were incubated at saturating concentrations (30 
min, 4°C) with cells. After 3 washes. mAb fixation was revealed with FITC- 
30 conjugated F(ab)'2 goat anti-mouse Ig (Caltag, San Francisco, CA), and cells 
were FACS-analyzed (FACS Calibur, Beckton Dickinson, San Jose, CA). 
Percentages of CD4* and CD8 + splenic T lymphocytes were determined by 
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double staining using FITC-conjugated rat anti-mouse CD4 (RM4-5) and 
phycoerythrin-conjugated rat anti-mouse CD8-B (CT-CD8b) mAb (Caltag). 
Expression of the different T cell receptor (TCR) VB chains was similarly 
analyzed using purified VIJ2 (B.20.6), VG4 (KT.10.4), VB5.1..2 (MR.9.4), VB6 

5 (44.22.1), VB7 (TR.130), VB8.1..2..3 (F.23.1), VB9 (MR.10.2) VB10 (B.21.5), 
VB11 (RR.3.15), VB12 (MR.11.1), VB13 (MR.12.4), VB14 (14/2) and VB17 
(KJ.23.288.1) specific mAb. Fixation of these mAb was revealed with FITC- 
conjugated F(ab)'2 goat anti-mouse Ig (Caltag) and then CD8 + T cells were 
labeled with phycoerythrin-conjugated rat anti-mouse CD8 mAb. Human HLA- 

10 B0702 phenotyping was performed on Ficoll (Pharmacia) purified PBL by 
indirect immunofluorescence as indicated above using ME.1 anti-HLAsB7 
antibody. 

Human CTL in vitro restimulation and cytolytic assays. 

Blood samples were obtained following written informed consent from 

15 platelet healthy donors tested serologically negative for HIV, HCV and HBV 
viruses. Nitrogen-frozen HLA-B0702 + Ficoll-purified human peripheral blood 
mononuclear cells (PBMC) were thawed and incubated (4 X 10 6 /well) in 24 
well-plates in RPMI 1640, 1 mM sodium pyruvate, 100 lU/ml penicillin, 100 
ng/ml streptomycin, 10mM hepes and non-essential aminoacids (all from 

20 GibcoBRL, Paisley, UK) supplemented with 10% human serum (Institut 
Jacques Boy, Reims, France). They were stimulated with influenza-derived 
peptides at 2 X 10" 6 M. On day 3 recombinant human IL7 (25 ng/ml, kindly 
provided by Sanofi-Synthelabo, Labege, France) was added and on day 7, 
human IL2 was added at 10 lU/ml (Roche, Mannheim, Germany) with fresh 

25 medium. On day 16, CD8 + T cells were selected using CD8 Microbeads 
(Miltenyi Biotec, Bergish Gladbach, Germany). CTL lines were subsequently 
restimulated twice monthly using peptide-puised EBV-transformed y-irradiated 
(50 Gy) autologous cells. Cytolytic assays were done on 61 Cr-labeled peptide- 
puised HLA-B*0702-transfected TAP * T2. cells. Specific lysis was calculated 

30 as follow: (experimental - spontaneous release) / (total - spontaneous 
release) X 100 subtracting the background lysis (which never exceeded 5%) 
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of HLA-B0702-restricted, HIV1 -derived, GP41 (843-851) IPRRIRQGL epitopic 
peptide-pulsed target cells (10). 
Results 

Results are shown hereinafter in Tables 1 and 2. 

Table 1 



Epitopic peptides derived from HIV proteins, presented by the molecule 
HLA-B7 of class I and inducing a CD8 cytotoxic cellular response (CTL) in 
transgenic mice B7B7K^/ + H-2KV- H-2EK- 





Protein and epitopic peptides 


Fixation 
Test 


51 Cr release test ** 


SEQID 
NO: 


N° 


Name 


Sequence 


RA* 


RAT 


Lysis (%) 








1 


6342 1 Y10LF I YPLASLRSLF 3,25 | 1/6 37 




F.MV 


2 


6337 


MOW 


APTKAKRRW 


1,14 


2/2 


72; 58 


3 


6339 


R10LL 


RPWSTQLLL 


2,25 


2/4 


53; 50 








VTP 


4 


6332 


K10KL 


KPPLPSVTKL 


3,55 


2/2 


61; 31 


5 


7023 


I10VI 


I PLGDARLVI 


233 


4/6 


37; 37; 22; 22 


6 


7024 


H10HI 


HPRISSEVHI 


3,70 


6/6 


20; 18; 51; 31; 70; 48 


7 


7025 


S10EV 


SPHPRISSEV 


1,11 


6/6 


18; 11; 38; 30; 49; 18 


8 


7020 


T9PL 


TPKKIKPPL 


1,29 


5/6 


46; 24; 18; 18; 11; 6 






TAT 


9 17019 1 P10QV PPQGSQTHQV 8,97 


2/3 1 20; 13 




REV 




10 


7012 


L9RL 


LPLPPLDRL 


6,13 


3/6 


22; 12; 14 j 


11 


7026 


L9TL 


LPPLDRLTL 


3,51 


4/6 


37; 20; 56; 23 








VPU 




12 | 7016 1 Q10AL jQPIQIAAL 6,5 1 6/6 1 14; 40; 16; 15; 13; 32 
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9 Mnn-ranonic nentides. called ARFP (alternative readin 


r frame peptides) 




Protein and epitopic peptides 


Fixation 
Test 


^Cr release test ** 


SEO ID NO: 


N° 1 


Name 


Sequence 


RA* 


R/r | 


Lysis (%) 


POL 


13 


7029 


A9RL 


AAISPVLRL 


(15) 


1/6 


17 


14 


7028 


S10PV 


SPVLRLRPPV 


0,85 


2/6 


24; 46 


T7MV 


15 


7033 


Q10QM 


QPPLYFVHQM 


(49) 


2/6 


15; 13 


r i6 


7034 


G10QT 


GPHMPVYPQT 


(22) 


1/5 


10 


17 


7031 


M9PT 


MPVYPQTPT 


0,94 


3/6 


17; 28; 19 


GAG 














18 


7035 


Q9VF 


QPRSDTHVF 


1,56 


6/6 


61; 38; 55; 48; 
43; 33 



*: Represents the ratio, between the concentrations of the peptide tested and 
5 the reference peptide (R10V human CMV pp65 265-274), that is necessary to 
reach 20% of the maximal level of HLA-B*0702 molecules capable of being 
stabilised at the surface of T2 cells in presence of a saturant concentration of 
the reference peptide. 

** : Number of mice presenting a CTL response specific to the peptide under 
10 analysis ( 51 Cr release test) with respect to the total number of mice tested. 
The lysis percentage of these mice is given for a ratio (effector : target) of 30 : 
1. 
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Table 2 

Epitopic peptides derived from HIV proteins and preferred nucleic 
sequences coding the same. 
1. Canonic peptides 



GAG 



SEQ ID NO: 



1 Y10LF YPLASLRSLF 1 

B.-.NL43E9 * TAT CCT TTA GCT TCC CTC AGA TCA CTC TTT 19 



ENV : 








SEQ ID NO: 


2. A10W 
BRU 7306- 


7335 


APTKAKRRVV 
GCA CCC ACC AAG GCA AAG AGA AGA GTG GTG 


2 

20 


3. R10LL 

BRU 6571- 


6600 


R 

AGG 


PVVSTQLLL 
CCA GTA GTA TCA ACT CAA CTG CTG TTG 


3 

21 




VTF : 








SEQ ID NO: 


4. K10KL 

BRU 5100- 


5129 


K 

AAG 


PPLPSV TKL 
CCA CCT TTG CCT AGT GTT ACG AAA CTG 


4 

22 


5. HOVI 

BRU 4 791- 


-4820 


I 

ATC 


P LGDARLVI 
CCA CTA GGG GAT GCT AGA TTG GTA ATA 


5 

23 


6. H10HI 

BRU 4764- 


-4793 


H 

CAT 


PR ISSEVHI 
CCA AGA ATA AGT TCA GAA GTA CAC ATC 


6 

24 


7. S10EV 
BRU 4758- 


-4787 


S 

AGC 


PHPRISSEV 
CCT CAT CCA AGA ATA AGT TCA GAA GTA 


7 

25 


8. T9PL 

BRU 5085- 


-5111 


T 

ACA 


PKKIKPPL 
CCA AAA AAG ATA AAG CCA CCT TTG 


8 

26 




TAT : 








SEQ ID NO: 


9. PlOQV 

BRU 5583- 


-5612 


P 

CCT 


PQGSQTHQV 
CCT CAA GGC AGT CAG ACT CAT CAA GTT 


9 

27 



REV : 








SEQ ID NO: 


10. L9RL 

B. US . WEAU160 


L P L P P L 
CTT CCT CTA CCA CCG CTT 


D 

GAT 


R L 
CGA CTT 


10 
28 


11. L9TL 

B.US.WEAU160 


L P P L D R 

CTA CCA CCG CTT GAT CGA 


Ii 

CTT 


T L 
ACT CTT 


11 
29 





VPU 



12. Q10AL QPIQIAIAAL 12 
BRU 5646-5 675 CAA CCT ATA CAA ATA GCA ATA GCA GCA TTA 30_ 



5 
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2. Non-canonic peptides- called ARF P (alternative reading frame 
peptides) 



POL 




















SEQ ID NO: 


1. A9RL 
BRU 4167 


- 4190 


A 

GCA 


A I 

GCA ATT 


S 

TCA 


P 

CCA 


V 

GTA 


L 

CTA 


R L 
CGG TTA 




13 
31 


2. S10FV 
BRU 4173 


- 4202 


S 

TCA 


P V 
CCA GTA 


L 

CTA 


R 

CGG 


L R 
TTA AGG 


P ' P 
CCG CCT 


V 

GTT 


14 

32 




ENV 






















3. Q10QM 
BRU 5945 


- 5974 


Q 

CAA 


P P 

CCA CCA 


L 

CTC 


Y 

TAT 


F 

TTT 


V 

GTG 


H Q 
CAT CAG 


M 

ATG 


15 
33 


4. G10QT 
BRU 6008 


- 6037 


G 

GGG 


P H 

CCA CAC 


M 

ATG 


P 

CCT 


V 

GTG 


Y 

TAC 


P Q 

CCA CAG 


T 

ACC 


16 
34- 


5. M9PT 

BRU 6017 


- 6043 


M 

ATG 


P V 
CCT GTG 


Y 

TAC 


P Q 
CCA CAG 


T 

ACC 


P T 
CCA ACC 




17 
35 



GAG 

6. Q9VF QPRSDTHVF 18 
BRU 827 - 853 CAG CCC AGA AGT GAT ACC CAT GTT TTC 36 

5 

EXAMPLE 2 

Example 2 relates to the validation of the peptides of the present inven- 
tion from HIV* patient. A first set of experiments were done by the inventors 
with frozen PBMCs (peripheral blood mononuclear cells) from HIV* patients. 

10 No clear response was observed. However, these same experiments were 
successfully achieved with fresh blood samples from HIV* patients. Here Is a 
summary of the results. 

Nine HIV* HLA-B7* patient samples were identified by serological 
typing. After a thirty-hours peptide stimulation, each sample was tested ex 

15 vivo for IFNy secretion by ELISpot assay. Statistical analysis of all 9 patient 
samples revealed that: 

i) the eighteen selected peptides, as well as the peptides described in the 
litterature, elicited responses ; 

ii) response profiles are variable among peptides, both new and already 
20 known, as well as among patients ; 



\ 
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Hi) five peptides seem particularly immunogenic in vivo and will be incor- 
porated into the polyepitopic construct ; 

Two individuals (one HLA-B7* HIV and the other HLA-B7" HIV*) were 
included in this example and showed no IFNy ex vivo response following 
5 exposure to these peptides. 

Fourteen peptides are thus interesting for a future polyepitopic 
approach. In the case of two patients, it was observed that : 
i) a depletion of CD4 + cells from PBMC harvests does not modify the 
observed IFNy profile, 
1 0 ii) a cytolytic response can be elicited after two courses of In vitro stimula- 
tion (as tested by 51 Cr release assay). 
Results 

Results are shown in Figures 1 to 6 and in Tables 3 and 4. 
As it can be appreciated, Figure 1 shows the BNC's pattern for IFNy 
15 ELISPOT responses against HIV-1 derived epitopic (known and new "coding" 
peptides), and more specifically shows the mean number (duplicates) of spe- 
cific spots for 4.1 0 5 . 2.1 0 5 , and 10 5 PBMCs. 

BNC HIV-1* patient blood was ficolled and PBMCs were directly stimu- 
lated by each peptide (5ug/ml) or by an irrelevant peptide, such as G9AT. 
20 Elispot assay was revealed 36h later. The immunodominant HLA-B7 restricted 
CMV peptide (T10M) was used for control. It will be understood that the 
methods or techniques used in Example 2 are well known, thus there is no 
need to further described them. 

Figure 2 shows the ELISPOT assay on human HIV* PBMC (see Figure 
25 1 for technique). In this Figure, each spot corresponds to the number of 
specific spots per million of PBMCs of one HIV* patient. 9 HIV* patients were 
tested and 2 human controls were included in this study (one HIV* HLA-B7' 
and the other one HIV HLA-B7*). For each patient, ELISPOT assay response 
is positive in case of a the number of spots = mean of background + 3 SD. 
30 Positive responses for all new "coding" peptides were observed. Neverthe- 
less, responses for the L9TL peptide don't appear significant. 



\ 
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NB : CD4 + cell depletion of PBMCs has been done with 3 HIV* patients 
: no difference in term of ELISPOT responses was observed, implying a role 
of CD8* cells in IFNy release after peptide stimulation. 

Figure 3 shows an ELISPOT assay on human HIV+ PBMCs with ARFP 
5 peptides (see Figures 1 and 2 for technique). 

Among 9 HIV* patients, positive responses were observed for all ARFP 
peptides. Globally, for each patient, 3 or 4 ARFP peptides are immunogenic. 
Despite a lower intensity of responses comparatively to "coding" peptides, it 
was observed that all 6 peptides are immunogenic. 
10 Figure 4 shows the BNC's pattern for 51 Cr release assay against predicted 
HIV-1 derived "coding" epitopic peptides. In this study, BNC HIV-1* patient blood 
was ficolled and PBMCs were stimulated 2 times by peptide-pulsed autologous 
PHA blasts. 51 Cr release assay was done on peptide-pulsed T2-B7 cells. Non 
specific lysis was detected by a calpaine peptide. Non HIV peptides were used as 
15 controls : T10M (CMV) and G9AT (HCV). As It can be appreciated, the 51 Cr 
release assay in this study has confirmed results obtained by ELISPOT assay. It 
has been possible to do this experiment with PBMCs of an other HIV* patient. 
ELISPOT responses were also confimed by 51 Cr release assay. 

Figure 5 shows the BNC's and TAH's pattern for 61 Cr release assay 
20 against predicted HIV-1 derived ARFP epitopic peptides (see Figure 4 for 
technique). As it can be demonstrated in this study, patterns of 51 Cr release 
assay responses for two HIV* patients (BNC and TAH) were similar to those 
observed with ELISPOT assay. Therefore, this study shows that the 6 ARFP 
peptides stimulate CTL responses in human. 
25 Figure 6A shows IFNy intracellular labeling with TAH PBMCs. In this 

study, TAH HIV* PBMCs were stimulated ex vivo during 12 hours with each 
ARFP peptide and then, IFNy intracellular labelling has been done. The A9RL 
peptide was not tested. Similarities with ELISPOT assay responses were 
observed. Moreover, only CD8* cells were IFNy labelled, excluding the possi- 
30 bility of a CD4* cell stimulation by these peptides. 

Figure 6B shows IL4 intracellular labeling with TAH PBMCs (see Figure 
6Afor technique). In this study, no IL4 production was detectable after peptide 
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stimulation, neither for CD8 + cells, nor CD4 + cells. IL4 is a cytokine produced 
during Th2 response. Thus, stimulation with peptides of the present invention 
seems inducing Th1 response, implying a stimulation of CTLs rather than 
helper T cells. 
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Table 3: list of "coding" HIV-1 epitopic peptides. 



SEQIDNO: Name Sequence Ref Isolate 



Conservation* 
HXB2 location Clade B All clades 



37 


CQWV 


^PRTLNAWV 


rn 


LAI 


p24 (16-24) 


94% 


90% 


38 




TPODLNTML 


rn 


LAI 


(48-56) 


94% 


66% 


39 


G9VL. 






SF2B 


(223-231) 

> * 


74% 


51% 


1 


Y10LF 


YPLASLRSLF 


[4] 




pr55 (484-493) 


40% 


12% 


40 


K10LC 


KPCVKLTPLC 


[4] 




Env (117-126) 


87% 


82% 


41 


R10SI 


RPNNNTRKSI 


Ml 
Pi 


T AT 


cd160 (298-307) 


38% 


24% 


42 


19GL 


IPRRIRQGL 


PI 


LAI 


(843-851) 


32% 


33% 


43 


F10LR 


FPVTPQVPLR 




LAI 


Nef (68-77) 


6% 


4% 


44 


R9AL 


RPMTYKAAL 




LAI 


(77-85) 


6% 


4% 


45 


T10PL 


TPGPGVRYPL 


rn 


LAI 


(128-137) 


17% 


16% 


46 


T8RY 


TPGPGVRY 


[5] 


LAI 


(128-135) 


15% 


16% 


47 


Y9CY 


YPLTFGWCY 


[5] 


LAI 


(135-143) 


6% 


4% 


48 


D10WK 


DPEKEVLQWK 


[41 




(175-184) 


6% 


4% 


49 


F9GL 


FPRIWLHGL 


[3] 


. SF2B 


Vpr (34-42) 


21% 


11% 


•j PrpAirtrd HIV-1 derived evitooic vev tides 












a. Early -proteins 

9 P10QV 


PPQGSQTHQV 




LAI 


Tat (58-67) 


3% 


1% 


10 


L9RL 


LPLPPLDRL 




B.US.WEAU160 Rev (73-81) 


3% 


2% 


11 


L9TL 


LPPLDRLTL 


F61 


B.US.WEAU160 (75-83) 


3% 


2% 


b. Structural proteins 
2 MOW 


APTKAKRRW 


W 




gpl60 (497-506) 


72% 


40% 


3 


R10LL 


RPWSTQLLL 


[4] 




(252-261) 


85% 


41% 


c. Accessory proteins 
4 K10KL 


KPPLPSVTKL 


[4] 




Vif (160-169) 


35% 


22% 


5 


I10VI 


IPLGDARLVI 


[6] 


LAI 


(57-66) 


26% 


17% 


6 


H10HI 


HPRISSEVHI 


16] 


LAI 


(48-57) 


47% 


30% 


7 


S10EV 


SPHPRISSEV 


[6] 


LAI 


(46-55) 


5% 


3% 


8 


T9PL 


TPKKIKPPL 


[6] 


LAI 


(155-163) 


37% 


25% 


12 


Q10AL 


QPIQIAIAAL 


[6] 


LAI 


Vpu(2-12) 


<1% 


<1% 
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* : % of HIV strains presenting the same peptide amino-acid sequence (HIV 
databases, Los Alamos National Laboratory & National Institutes of Health, 
http://hiv-web.lanl.gov/cgi-bin/EPILIGN/epilign.cgi). 

Comments : 

5 1. S9WV, T9ML, R10SI, I9GL, F10LR, T10PL : C. Brander notes these are 
B*0702 epitopes (HIV databases 2002). 

2. GPGHKARVL (SEQ ID NO : 39) was already described in HIV database 
1998 ([2]). It has also been found as an immunodominant epitopic peptide ([3]) 

3. H10HI has been previously described as immunogenic in HIV-1 infected 
10 individuals with a less frequently sequence : HPRISSEVHI (SEQ ID NO : 6) 

([3]) 

4. T9ML was described as an immunodominant epitopic peptide with the 
decamere sequence TPQDLNTML (SEQ ID NO, : 38) ([41). 

5. K10LC, Y10LF and D10WK were described as subdominant peptides ([4]). 
15 6. MOW, R10LL, and K10KL were not described as immunogenic ([4]). 

Table 4: list of "ARFP" new HIV-1 epitopic peptides (LAI strain) 



SEQ ID NO : 


Name 


Sequence 


POL 






13 


A9RL 


AAISPVLRL 


14 


S10PV 


SPVLRLRPPV 


ENV 






15 


Q10QM 


QPPLYFVHQM 


16 


G10QT 


GPHMPVYPQT 


17 


M9PT 


MPVYPQTPT 


GAG 






18 


Q9VF 


QPRSDTHVF 



20 
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5 While several embodiments of the invention have been described, it will 

be understood that the present invention is capable of further modifications, 
and this application is intended to cover any variations, uses, or adaptations of 
the invention, following in general the principles of the invention and including 
such departures from the present disclosure as to come within knowledge or 

10 customary practice in the art to which the invention pertains, and as may be 
applied to the essential features hereinbefore set forth and falling within .the 
scope of the invention or the limits of the appended claims. 



WO 03/029285 PCT/IB02/04576 . 

27 
CLAIMS: 

1. A purified immunogenic peptide characterized in that it derives from a 
HIV-1 antigen. 

2. The immunogenic peptide according to claim 1, characterized in that it is 
5 capable of inducing a CTL response against HIV-1 in a mammal. 

3. The immunogenic peptide according to claim 1 or 2, characterized in that 
said immune response is an in vitro, ex vivo and/or in vivo CTL response. 

4. The immunogenic peptide according to any one of claims 1 to 3, charac- 
terized in that it is a nonamer or a decamer. 

10 5. The immunogenic peptide according to any one of claims 1 to 4, charac- 
terized in that the HIV-1 gene is selected from the group consisting of GAG, POL, 
ENV, VIF, TAT, VPU and REV. 

6. The immunogenic peptide according to any one of claims 1 to 5, charac- 
terized in that it is selected from the group consisting of SEQ ID NOs:1 to 18 and 

15 functional derivatives thereof. 

7. The immunogenic peptide according to claim 6, characterized in that it is 
selected from the group, consisting of SEQ ID NOs:1, 2, 3, 6 and 15 and 
functional derivatives thereof. 

8. The immunogenic peptide according to any one of claims 1 to 7, charac- 
20 terized in that it is incorporated into a support or earner comprising at least two 

molecules of said peptide. 

9. The immunogenic peptide according to claim 8, characterized in that said 
support is selected from the group consisting of polymers, lipidic vesicles, micro- 
spheres, latex beads, polystyrene beads, and proteins. 

25 10. A purified polypeptide characterized in that it comprises an immunogenic 
peptide according to any one of claims 1 to 9. 

11. The polypeptide according to claim 1 0, characterized in that it is a polymer 
comprising between 2 to 10 peptides as define in any one of claims 1 to 9. 

12. A purified polyclonal or monoclonal antibody characterized in that it 
30 recognizes and binds to at least one immunogenic peptide according to any one 

of claims 1 to 9, to a polypeptide according to claim 10 or 11, or to a fragment 
thereof. 
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13. A purified polynucleotide characterized in that it codes for at least one 
immunogenic peptide according to any one of claims 1 to 9, for a polypeptide 
according to claim 1 0 or 1 1 , or for a fragment thereof. 

14. The polynucleotide of claim 13, characterized in that it is selected from the 
5 group consisting of SEQ ID NOs:19 to 36. 

15. The polynucleotide of claim 14, characterized in that it is selected from the 
group consisting of SEQ ID NOs:19, 20, 21 , 24, and 33. 

16. An expression vector, characterized in that it comprises a polynucleotide 
sequence coding for a polynucleotide according to claim 13 or 14. 

10 17. A cell incorporating the expression vector according to claim 1 6. 

18. A method for producing in vitro an immunogenic peptide, comprising: 

- culturing in vitro in a suitable culture medium a cell according to claim 17, and; 

- collecting said peptide in the culture medium. 

19. A pharmaceutical composition comprising: 

15 a) at least one component selected from the group consisting of: 

- an immunogenic peptide according to anyone of claims 1 to 9 or a functional 
derivative thereof; 

- a polypeptide according to claim 1 0 or 1 1 ; 

- an antibody according to claim 12; 

20 - a polynucleotide according to claim 13 or 14, and 

- specific CD8 T-cells primed against an immunogenic peptide according to 
anyone of claims 1 to 9, against a polypeptide according to claim 10 or 11 
and/or a functional derivative thereof; 

and 

25 b) a pharmaceutical^ acceptable vehicle or carrier. 

20. Use of a pharmaceutical composition according to claim 19, as an anti 
HIV-1 agent, or for the preparation of an anti HIV vaccine. 

21. A method for priming for priming human CD8 cells in vitro, comprising the 
steps of: 

30 a) isolating HLA-B0702 lymphoid or myeloid cells from said human; and 

b) loading in vitro the ceils isolated at step a) with at least one immunogenic 
peptide as defined in any one of claims 1 to 9, with at least one polypeptide as 
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defined in claim 10 or 11, and/or with at least one the polynucleotide as 
defined in claim 13 or 14. 

22. The method of claim 21 .further comprising the steps of: 
c) isolating CD8+ T-cells from said human; and 

5 d) using the cells loaded at step b) for priming in vitro the CD8+ T-cells isolated 
at step c). 

23. A method for stimulating a subject immune response comprising: 

- administering into a compatible subject HLA-B0702 lymphoid or myeloid cells 
primed according to the method of claim 21 ; and/or 

10 - administering into a compatible subject CD8+ T-cells primed according to the 
method of claim 22. 

24. A diagnostic method for detecting an early CTL response against HIV-1, 
comprising: 

- providing a tetrameric complex of HLA-B0702 comprising at least one 
15 immunogenic peptide according to any one of claims 1 to 9; 

- incubating said complex with peripheral blood lymphocytes of said subject; 
and 

- determining the presence of HIV-1 specific CTL. 

25. A method for stimulating ex vivo a human immune response against HIV-1 , 
20 comprising: 

- isolating from a human autologous lymphoid or myeloid cells; 

- incubating said cells in vitro with at least one immunogenic peptide according 
to any one of claims 1 to 9, or with at least one polypeptide as defined in claim 
10 or 11; and 

25 - allowing the induction of a cytotoxic response in vitro. 

26. A method for stimulating in vivo a human immune response against HIV-1 , 
comprising administering to a HLA-B0702 patient in need thereof either: 

- cytotoxic cells obtained according to the method of claim 25; or 

- lymphoid or myeloid cells treated in vitro according to the method of claim 25. 
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FIGURE 3 
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FIGURE 4 
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SEQUENCE LISTING 



<110> INSTITUT PASTEUR 
INSERM 

CARDINAUD, Sylvain 
HABEL, Andre 

LANGLADE- DEMOYEN, Pierre 
LEMONNIER, Francois 

<120> ' IDENTIFICATION OF NEW CD8 EPITOPES FROM HIV-1 PROTEINS 
WITH THERAPEUTICAL AND VACCINAL PROPERTIES AGAINST HIV 
INFECTIONS 

<130> BLOcp226/104 

<160> 51 

<170> Patentln version 3.1 

<210> 1 . . 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived canonic peptide 

<400> 1 

Tyr Pro Leu Ala Ser Leu Arg Ser Leu Phe 
1 5 10 



<210> 2 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived canonic peptide 



<400> 2 

Ala Pro Thr Lys Ala Lys Arg Arg Val Val 
1 5 10 



<210> 3 



WO 03/029285 



2 

<211> 10 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> HV-1 derived canonic peptide 
<400> 3 

Arg Pro Val Val Ser Thr Gin Leu Leu Leu 
15 10 



<210> 4 

<211> 10 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> HIV-1 derived canonic peptide 
<400> 4 

Lys Pro Pro Leu Pro Ser Val Thr Lys Leu 
15 10 



<210> 5 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived canonic peptide 

<400> 5 

He Pro Leu Gly Asp Ala Arg Leu Val He 
1 5 10 



<210> 6 

<211> 10 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> HV-1 derived canonic peptide 
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3 


<400> 


6 


His Pro Arg lie Ser Ser Glu Val His He 
15 10 


<210> 
<211> 
<212> 
<213> 


7 

10 
PRT 

Artificial Sequence 


<220> 
<223> 


HIV-1 derived canonic peptide 


<400> 


7 


Ser Pro His Pro Arg He Ser Ser Glu Val 
1 5 10 


<210> 
<211> 
<212> 
<213> 


8. 
9 

PRT 

Artificial Sequence 


<220> 
<223> 


HIV-1 derived canonic peptide 


<400> 


8 


Thr Pro Lys Lys He Lys Pro Pro Leu 
1 5 


<210> 
<211> 
<212> 
<213> 


9 

10 
PRT 

Artificial Sequence 


<220> 
<223> 


HIV-1 derived canonic peptide 


<400> 


9 



Pro Pro Gin Gly Ser Gin Thr His Gin Val 
1 5 10 



<210> 10 



WO 03/029285 



4 



<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived canonic peptide 

<400> 10 

Leu Pro Leu Pro Pro Leu Asp Arg Leu 

1 . 5 



<210> 11 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived canonic peptide 

<400> 11 

Leu Pro Pro Leu Asp Arg Leu Thr Leu 
1 5 



<210> 12 

<211> 8 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived canonic peptide 

<400> 12 

Gin Pro He Gin He Ala Ala Leu 
1 5 



<210> 13 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived non-canonic peptide 



WO 03/029285 



5 

<400> 13 

Ala Ala He Ser Pro Val Leu Arg Leu 
1 5 



<210> 14 
<211> 10 
<212> PRT 

<213>, Artificial Sequence 
<220> 

<223> HIV-1 derived non-canonic peptide 
<400> 14 

Ser Pro Val Leu Arg Leu Arg Pro Pro Val 
15 10 



<210> 15 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived non-canonic peptide 

<400> 15 

Gin Pro Pro Leu Tyr Phe Val His Gin Met 
i 5 10 



<210> 16 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived non-canonic peptide 

<400> 16 

Gly Pro His Met Pro Val Tyr Pro Gin Thr 
1 5 10 



<210> 17 
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<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived non-canonic peptide 

<400> 17 

Met Pro Val Tyr Pro Gin Thr Pro Thr 



<210> 18 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived non-canonic peptide 

<400> 18 

Gin Pro Arg Ser Asp Thr His Val Phe 



1 


5 


<210> 


19 


<211> 


30 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


corresponding nucleotide 


<400> 


19 


tatcctttag cttccctcag atcactcttt 


<210> 


20 


<211> 


30 


<212> 


DNA 


<213> 


Artificial Sequence 



30 



<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 2 



<400> 20 

gcacccacca aggcaaagag aagagtggtg 



30 
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<210> 21 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 3 

<400> 21 

aggccagtag tatcaactca actgctgttg 30 



<210> 22 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 4 

<400> 22 

aagccacctt tgcctagtgt tacgaaactg 30 



<210> 23 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 5 

<400> 23 

atcccactag gggatgctag attggtaata 30 



<210> 24 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 6 



<400> 24 

catccaagaa taagttcaga agtacacatc 



30 
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<210> 25 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 7 

<400> 25 

agccctcatc caagaataag ttcagaagta 30 



<210> 26 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 8 

<400> 26 

acaccaaaaa agataaagcc acctttg 27 



<210> 27 

<211> 30 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 9 
<400> 27 

cctcctcaag gcagtcagac tcatcaagtt 30 



<210> 28 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 10 



<400> 28 

cttcctctac caccgcttga tcgactt 



27 
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<210> 29 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 11 
<400> 29 

ctaccaccgc ttgatcgact tactctt 27 



<210> 30 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 12 

<400> 30 

caacctatac aaatagcaat agcagcatta 30 



<210> 31 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 13 

<400> 31 

gcagcaattt caccagtact acggtta 27 



<210> 32 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence ofSEQ ID NO: 14 

<400> 32 

tcaccagtac tacggttaag gccgcctgtt 30 



<210> 33 
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10 

<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 15 
<400> 33 

caaccaccac tctattttgt gcatcagatg 30 



<210> 34 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 16 

<400> 34 

gggccacaca tgcctgtgta cccacagacc 30 



<210> 35 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 17 

<400> 35 

gggccacaca tgcctgtgta cccacagacc 30 



36 
27 
DNA 

Artificial Sequence 
<220> 

<223> corresponding nucleotide sequence of SEQ ID NO: 18 
<400> 36 

cagcccagaa gtgataccca tgttttc 27 



<210> 
<211> 
<212> 
<213> 



<210> 37 
<211> 9 
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U 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 
<400> 37 

Ser Pro Arg Thr Leu Asn Ala Trp Val 
1 5 



<210> 38 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 

<400> 38 

Thr Pro Gin Asp Leu Asn Thr Met Leu 
1 5 



<210> 39 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 

<400> 39 

Gly Pro Gly His Lys Ala Arg Val Leu 
1 " 5 



<210> 40 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 



<400> 



40 



WO 03/029285 PCMB02/04576 

12 



Lys Pro Cys Val Lys Leu Thr Pro Leu Cys 
15 10 



<210> 41 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> ' 

<223> HIV-1 derived epitopic peptide 
<400> 41 

Arg Pro Asn Asn Asn Thr Arg Lys Ser lie 
1 5 10 



<210> 42 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 

<400> 42 

He Pro Arg Arg He Arg Gin Gly Leu 
1 5 



<210> 43 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 

<400> 43 

Phe Pro Val Thr Pro Gin Val Pro Leu Arg 
1 5 10 



<210> 44 
<211> 9 
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13 



<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 



<400> 


44 


Arg Pro Met Thr Tyr Lys Ala Ala Leu 
1 5 


<210> 
<211> 
<212> 
<213> 


45 

10 
PRT 

Artificial Sequence 


<220> 
<223> 


HIV-1 derived epitopic peptide 


<400> 


45 


Thr Pro Gly Pro Gly Val Arg Tyr Pro Leu 
1 5 10 


<210> 
<211> 
<212> 
<213> 


46 
8 

PRT 

Artificial Sequence 


<220> 
<223> 


HIV-1 derived epitopic peptide 


<400> 


46 


Thr Pro Gly Pro Gly Val Arg Tyr 

1 . 5 


<210> 
<211> 
<212> 
<213> 


47 
9 

PRT 

Artificial Sequence 


<220> 
<223> 


HIV-1 derived epitopic peptide 


<400> 


47 
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14 



Tyr Pro Leu Thr Phe Gly Trp Cys Tyr 
1 5 



<210> 48 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 

<400> 40 

Asp Pro Glu Lys Glu Val Leu Gin Trp Lys 
1 5 10 



<210> 49 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HIV-1 derived epitopic peptide 

<400> 49 

Phe Pro Arg lie Trp Leu His Gly Leu 

1 5 ■ 



<210> 50 
<211> 10 
<212> PRT 

<213> Human cytomegalovirus 
<400> 50 

Arg Pro His Glu Arg Asn Gly Phe Thr Val 
15 10 



<210> 51 

<211> 13 

<212> PRT 

<213> Hepatitis B virus 
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15 

<400> 51 

Thr Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro He Leu 
1 5 10 



